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10 rcprcSdy^hSLlaar''"' to leA-alkylestradioIs 




(I) 



wherein R' is an alkyl group or aji alkenyl group of two or more carbon atoms; and 
Sc comt'oundsTir defined), and to a process for producing 

i.,„-?'*^w' *ft°*'?on« or derivatives thereof (e.g. testosterone propionate) 
have been introduced for the therapy of estrogen-dependent disease (e.g. advaS 
breast cancer) as anticstrogen drugs. However, the therapy if gcnerafly 
accompanied with the drawback inter alia that the virilizing effect resuldng from 
20 the therap?"'*' Potency of testosterone prevente the patient from continuing with 

J'^* have discovered that 16/J-alkylcstradiol derivatives have substantiaUy no 
"^^^ raUier have an antiestrogcn activity, and tiiat tiiis propensity is 
l^?^^}^ pronounced where the number of carbon atoms in tiie 16/j4lkyl mofcty 
25 bast W^'at^^^^^ ' '° " accompWrf on tiS 

The present invention provides compounds of the general formula a), which 
are useful as an antiestrogcn drug and a process for producing Uie compounds 0). 
„rn„^!f;?'3ii!'^ ^> ^° fo™"'^ W descriled below, the alM 

7n ^ V K °i '^'^o" atoms designated by R' may tc 

30 straight-chain or branched, and saturated or unsaturated, thus being exemplified 
by lower alky groups having 2 to 4 carbon atoms, such as ethyl. prS! SopW 
butyl isobutyl sec-Butyl, tert-butyl ally! and 3*utcnyl. The ac/ioS dilated 

hv^^?!""""'!^^ '""^ K ^' «>d<^ is defined M a 

hydrocarbon moiety has from i to 8 carbon 
35 atoms. The hydrocarbon-carbonyl group is exemplified by lower alkylcarbonyl 

C!^'i*'''T l^y' ^'^^'^ ^J" 3 carbon atoms. e.g. acetSTpropS 

butyryl; arylcarbonyl groups, e.g. benzoyl; and aralkylcaibonyl groups, eg 
phcnylpropionyl. Where R' and R" are an acyl group, tiie substitucnt -!oR» oi 



40 



—OR m the 17-position of formula (I) or (11) is an esteiified hydroxyl group, and the 
corresponding compound is a 17-ester of the compound (l) or (II). The 
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hydrocarbon radical designated by R> in formula (IT) is an alkyl, aryl or aralkyl 
group. The alkyl group mentioned for R» may be a straight-chain or branched 
lower alkyl group of 1 to 3 carbon atoms, viz. methyl, ethyl, propyl or isopropyl; the 
ary group menUoned for may, for example, be phenyl or/Hnitrophenyl; and the 
aralkyl group for R' may, for example, be benzyl or bcnzhydryl 

The compounds (1) of the present invention can be produced according to per 
se known methods. For example, the compounds (1) may be produced according to 
the method illustrated as follows: 




deesterification 



or2 



or 



deetherification 




whcrin R' and R» have the same meaning as defined above. R*' is hydrogen or an 
acyl group, and R' is a hydrocarbon radical or an acyl group. 

Thus, the above method is carried out by subjecting the compound (II) to a 
reaction leadmg to the cleavage of the acyl group or hydrocarbon radical of the 
estei^ied or ethenfied hydroxyl group in the 3-position thereof. 

By the present reaction, the acyl group or hydrocarbon radical of the esterified 
or ethenfied hydroxyl group in the 3-position is removed, thus leaving a free 
hydroxyl group m the 3-pos&ion. ^ 

This reaction, where R» is an alkyl or aryl group, that is to say where —OR' is 
an ethenfied hydroxyl group, is carried out by reacting the compound QI) with a 
reagent capable of cleaving an ether Unkage. The ether-cleaving reagent may be 
any reagent which is able to cleave the ether linkage of the etherified hydroxyl 
group m the 3-posiUon without affecting the steroid skeleton and the 16B-alM 
group of the starting compound. Thus, for example, there maybe mentionedacidic 
reagents, for example, hydrohalic acids such as hydrochloric acid, hydrobromic 
acid and hydroiodic acid, halides of phosphorus, boron, aluminium, thallium and 
titanium preferably the corresponding chlorides and bromides (e.g. phosphorus 
tnbromide, boron tnbromide. aluminium chloride, titanium tetrachloride) 
pyndinmm hahdes (e.g. pyridinium chloride); Grignard reagents (eg 
methytoagncsium iodide and cthyhnagnesium bromide); and sodium iodide-* 
dimcthylsulfoxide. Generally, such ether-cleaving reagenU are used in amounts 
within the range of from I to 10 moles per mole of the compound (11), While the 
reacUon can take place m the absence of a solvent, it is generally carried out in the 
presence of a solvent. The solvent may be, for example an organic soWcnt capable 
or dissolving steroid compounds such as an ether (e.g. diethylethcr 
tcteahydrofuran), a halogcnated hydrocarbon (e.g. dichloromethane, chlorofonn! 
chlorobenzenc, dichloroethane, trichloroethylene), an ester (e.g. ethyl acetate 
butyl acetate), nitrobenzene, dimethylformamide, dimethylsulfoxide or 
hexamethylphosphoramide. The reaction is generally conducted withm the 
temperature range of from -lO'^C. to 250<»C. when no solvent is employed, or at a 
temperature within the range of from -lO^C to the boiUng point of the solvent 
when a solvent is employed. Following the reaction, the reacUon mixture may be 
immediately treated with water to recover the desired compound. Where R» is an 
aralkyl group, the cleavage reaction according to Uiis invention may be carried out 
by subjecting the compound (il) to catalytic reduction or hydrolysis. The catalytic 
reduction may be earned out in the presence of a catalyst such as platinum oxide 
palladium or Raney mckel, generally in a solvent such as metiianol. ethanol. ether 
or tetrahydrofuran at a temperature wiUiin the range of from lO'C to eO'^C. and at 
a presrure withm the range of from 1 to 100 kg/cm«. Where R^ is an unsaturated 
alkyl group, the conditions chosen should be such that the unsaturated bond will 
not be reduced, e.g. reduction at normal temperature and atmospheric pressure. 
The hydrolysis is carried out with the same reagent as Uie etiier-cleavage reagent to 
be employed where R» is an alkyl or aryl group, or with a halogenoacetic acid such 
as influoroacetic acid, tnchloroacctic acid or monochloroacetic acid under the 
same conditions as those employed for the ether-cleavage reacUon where R" is an 
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SmeleS'' « to the solvent, reaction temperature and other 

th. clS^e'Vel\S,n\lW^^^ esterified hydroxyl «roup. 

the compound (nrtrhySoTvsrfe hvH^^^^^^^^ 

procedure which enables SSeo]^hP^^'^™ ^^^ conducted by any 

group in the 3-posiUoTSthout Xunl fl^ ^u^l °^ <^^tifi^d hydroxyl 
of the starting"^ compound a ) S Sr JZi^^^^^^ 

conducted in Tsolvent. The Mlvent is a Zhfr^^^^^ hydrolysis is senerally 
alcohol (e.K. methanol Sol t^uln^^ ^ ^""^^ f^'^ 
tetrahydrofuran.X.ethykul?oL "^thyl acetate, 

conducted by mcaTK iSaL or orS^^r'"'"^^ The hydrolysis b 
metal hydroxide fe.g. sodiui^ h^d?^ poSm h!^rox?dt"\^?'^ ^ "2 
potassium carbonate, sodium hydroieS TX^ie n^^.^l''" ''ff^^^'^^' 
carbonate), triethylamine or triethvlenerfiam^. ^7 " .Potassium hydrogen 
inorganic acid (e.g.hydrocWoric acid s^^^^^^^^ ^s an 

an organic acid (c.r foSacfd nitf^I^M "'I'- "^".5 acid, phosphoric acid) or 
The reaction is genf X^onSct^d at acid, p-toluenesulfonic ac d). 

to substanUaliy 80«C ^ conducted at a temperature withm the range of from O'C. 

grouSI'bo'th°i^erifiii'h%%'';rpr^^^^^^ <») - 

generally hydrolysed to free hydroxKu^hm ff 5^^^ I7-posiUon3 thereof are 
3-posiUon of the compS m? if desired, the subsUtuent in the 

esterified hydroxyl S in the ^nLf.fof If ^'''l^ hydrolysed to convert the 

choosing a mild srtKttli^E cSZ^^nr'' *° ^y^'°^y^ «ro"P by 

temperature, e.g. room teSS~°"t ' f^^^^ » comparatively W 

metal carbonatf or alkaU m'S hydro^n c^bSte""" '""'^ ^ ^ 

comS!!id7) mt^fis'a *c contemplated end 

per se (e.g treatment Si water eS,^^^^ 

chromatoff-aphy). ' ^*^action. concentration, recrystallization. 

activS on'Starors&te^^^ r'^^y. mWbitoty 

the tissues of uterine ovL^m or l^rllAo -"'*'"^^^^ ^^F^^^ isolated from 
rat and man. Md™t^ sXKwX', w.^^^^ mouse. 
Further the present coSuffiKe lo^lSxlK^ ^^"y- 
antiestrogen drugs for the alleviiion hsihi^ l^^' ^ of use as 

function^ uterinrhMmo^h^Tm^^^^ X^^l estrogen-dependent diseases (e.g. 
mammaUan anrab^n^cIufeS'^t'S^f mT"' "''""'^ 

on the potency of S'iiStJS'irt}^^ 

suspensions or Ktions. * ^"""^ Powders, 

the cISrplJS?/)7„%"^^t^^^^^^^ *^'^P'*' ^y '^""''^''K or suspending 

oil. com oil" pewi? o^ comSnaif^n oiT. cottonseed oil. castor oil. oUvf 
alcohol, bci^ benzoa te chfibuS/,^^^^^^^^^ antiseptics (e.g. benzyl 
agents. AmShe cSunffaMS;^^^^^^ agents or surface-active 
and exhibit a relaUvely suScd Lt^^^^ ""'"ble in oils 

arc administered orX S raav bilS^ the compounds (I) 

pills, liquids. synipsVeliiln LSor ^'''"'^^ "psules 

Which the comUds Of thisS^^^^^ 

antiestr^'nTugfoTfcfe^^^ administered parenterally as an 

is betwee^n .0 a^d ^ K^fo^lTaS 
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female human per week. The dose may be divided into 2 to 3 weekly doses of the 
corresponding smaller amounts. 

The compound (I) wherein R* is an acyl group, i.e. l7-ester of I6^alkyl 
estradiol (I) is, generally speaking, long-active, slow-active, stable in storage and/or 
easy to prepare in dosage forms in comparison with the IT^hyroxyl compound 
conesponding thereto. 

There may be exemplified compositions in which a compound of this invention 
is used as an antiestrogen drug; 
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Injections: 

(1) le^ethylcstradiol 
sesame oil 

(2) 16^ethylcstradiol 
17-acctate 
benzyl benzoate 
sesame oil 



Capsules: 



16^ethylestradiol 
17-acetate 
lactose 
corn starch 
sugar ester 
calcium salt of 

carboxymethylcellulosc 
magnesium stearate 



Tablets: 



16^ethylestradiol 
17-acetate 
lactose 
com starch 
sugar ester 
calcium salt of 

carboxymethylcellulose 
magnesium stearate 



10 weight parts 
1000 volume parts 

100 weight parts 
20 volume parts 
1000 volume parts 



20 weight parts 
140 weight parts 
50 weight parts 
4 weight parts 

4 weight parts 
2 weight parts 

(220 mg/capsulc) 



20 weight parts 
100 weight parts 
90 weight parts 
4 weight parts 

4 weight parts 
2 weight parts 

(220mg/tablet) 



In the prescriptions, **weight part" corresponds to "gram", and **volume part" 
corresponds to "milliliter**. 

The starting compound (II) for this invention may be produced by the method 
described in the specification of German Patent Application As Laid-Open No, 
2100319.0 or by the method described in Chemical Pharmaceutical Bulletin Vol 
21, 1393 (1973), or a method analogous with the latter method, from the estra- 
1.3,5(10)-tricn-16-oxo-17^ols corresponding to the compound (II) or the 
compounds described in Tetrahedron Vol. 30. 2107 (1974). It should be noted that, 
generally, the estra-l,3,5(10)-trien-16-oxo-17^1s or their derivatives may be 
produced by procedures siinilar to the procedures established for the species 
knovra among them. 

The starting compound (II), wherein both R*' and R* arc the same acyl group, 
can be produced by reacting the compound (1) wherein R* is hydrogen with an 
acylating agent according to per se known procedures established for the acyiation 
of the alcoholic hydroxyl group. The acylating agent is exemplified by acid 
anhydrides (e.g. acetic anhydride, propionic anhydride, phenylpropionic 
anhydride)-organic or inorganic bases, acid nalides (e.g. acetyl chloride, propionyl 
chloride, phenylpropionyl chloride, benzoyl chloride><)rganic or inorganic bases, 
acids-dehydrating agents such as sulfuric acid, hydrochloric acid, 
dicyclohexylcarbodlimide. For example, the acylating reaction may be conducted 
in the presence of a catalyst which may be an alkaline catalyst such as, for example, 
pyridine, picoline, collidine, quinoline or a tertiary amine, e.g. triethylamine, or an 
acid catalyst such as, for example, a Lewis acid, e.g. boron trifluoride, zinc chloride 
or aluminmm chloride, p-toluene sulfonic acid or potassium hydrogen sulfate. The 
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^ conducted io one of the common proton-inert solvents for 
ceroids which include, among others, halogenated hydroLbons. e.g. chlorofo™! 
frSi H- *^S*J tol^nc bctucnc, hcxane. esters, eg. eSJ 

S «f f'l?*'*''^* fonnarnjde. pyridine and picoline. AltematiVely. uie may be 
S^ftf^ViK'^^^w*'"' T"^ =»' organic acid anhydride or 

the hke so that the acylabng agent aTso fiincUon as the necessary solvent. The 
reaction usually proceeds at from O'C to room temperature. althoS^e reaction 
may be hastened by heatmg the system to the nclghbortiood of 1C«°C Mter the 
reaction is complete, the reacUon mixture may. for example, be treated with a laree 
quantity of water so.as to let the acyloxy derivatives cSke o^ 3SSively"bl 
subjcrted to extraction with an organic solvent to recover the desired compound 
The mvenuon is illustrated by the following examples: mpouna. 

_ , . , Example I 

Mr^A *ii»k •%ethylestradiol 3-methyl ether are added 1.3 g of pyridinium 
chloride and the mixture is heated at 150'C. After 2 houn. the reaction Sure™ 
poured into ice-water and the resulting crystals are collected by filtration 
S mIoWc " ^ ^^^^^y^'^'^^'iioi « obtained as needlesSfng 

IR t^cm-*: 3410. 3150 (OH. 1610. 1595 (Ar, "Ar" means "Aryl"). 

NMR : 0.68 (3H. s. 18-CH,). 1.11 (3H. t. J=6Hz. CH,). ' 

Mass ™/c 300 (M^V^fili' ^ ''^^'^ ' 

Elemental analysis, for QoHjA 

Calcd. C. 79.95; H. 9.39 
Found C 79.89; H, 9.24 

_ , . Example 2 

«MH J°o- solution of 2.3 g of 16/J-ethylestradloI 3-methyl ether in 25 ml of ether is 
added an ether«d soluUon of solution of mcthylmagnesium iodide Kared bv 
-w^ °^ magnesium with 7.0 g of metliyl i^ide in 50lS oRr) The 
resulung mixture is gently heated and the ether is gradually removed underrefliK 

2 hours. After coohng. the residue is carefufly poured into ice-water in smSl 
fh. Si?'' ^'"JT' "^'S''^ fa adjusted to pH 2Vith 5N"hJ(frocMoric IcidS 
tehteS^ "i? • by fihration. Recrystallizea from ethyl acetaTe. 

16/J^thylcstradiol is obtained as needles. In melting pomt and IR spectrum th^ 
product IS in agreement with the product obtained in Example L 

T m I « . Example 3 

pH 2 with 5N.hydrochl9ric acid. The separated ciyst^ are rwovered by fflStion 
to yield 16/J-ethylestradiol. In meltmg point and IR spectrun^ thfa como^^^^ 
agreement ^yith the product obtained in ExamplfK compound is m 

Example 4 

«r nlVi J° l^^'^Jj*'"/'!'^-'!* o' 16/»:ethylestradiol in 5 ml of pyridine is added 1 ml 
?J ^Ti^^^r'^'^''-^^/ '^"^^"^^ ""^^^^^ been kept at 50-C for 8 houre 
10 ml of water are added to the reaction mixture, and the mkture is extracted wiVh 
dichloromethane. The organic layer is washed Wh water. Sov^rSKl; 
sodium sulfate and concentrated, whereupon pale yeliiw cnide cSk ^ 
obtained Recrystellization from metiianol ^ves Vcthylestradtol 3.lSS^t^ 
as colourless needles melting at 148 to 149«C. j.w oiaceiaie 

IR fS* cm-': 1760 (OCOCH,). 1725 (OCOCH,). 

"j^** of 16/J-ethylcstradiol 3.17-diacetete in 15 ml of 

SaSo and thl * ? ™§ of anhydrous potassium carina e in 2 ml of 

methanol and Uie mixture is stirred at room temperature for 15 minutes The 
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reaction mixture is concentrated under reduced pressure and made acidic with 2N- 
hydrochloric acid» whereupon crystals separate out 

Recrystallized from ether-«-bexane (1:1), 163-ethylcstradiol 17-acetate is 
obtained as colourless needles melting at 187 to 188^0. 

5 IR pSS,cm-^: 3400 (OH), 1725 C0CXX:H,), 5 

Elemental analysis, for C^^JO^ 

CalciT C 77.15; H, 8.83 
Found Q 77.19; H, 8.80 

Example 5 

10 (I) 16-Ketoestradiol 3-bcn2ylether is reacted with ethyl magnesium iodide in 10 

ether to give 16^hydroxyH6a-ethylestradiol 3-ben2ylether. The product is treated 
with pyridine-acctic anhydride to give 16)5-hydroxyH6a-ethylestradiol 3- 
benzylether I7-acetate. The resulting 17-acetate is heated with zinc powder in 
toluene at 130'*C for 5 hours to give 16p-ethylestronc 3-benrylether. The product is 

15 treated with sodium borohydride in methanol, whereupon 16^ethylestradiol 3- 15 
bcnzylcther is produced. 

(2) In 30 ml of methanol is dissolved 0.73 g of 16^ethylestradiol 3-benzylether* 
followed by the addition of 210 mg of platinum oxide. The catalytic reduction is 
thus conducted at atmospheric pressure and room temperature. After the 

20 absorption of hydrogen has been completed, the platinum oxide is filtered off and 20 
the filtrates are concentrated under reduced pressure. By the above procedure, 
16^ethylcstradiol is obtained as crude crystals. This crude product is recrystallized 
from ethyl acetate as in Example 1 . In melting point and IR spectrum, this product 
is in agreement with the product obtained in Example 1. 

25 Example 6 25 

To a solution of 0,93 g of 16^isopropylestradiol 3-methyl ether in 15 ml of 
ether is added an ethereal solution of methylinagnesium iodide. The mixture is then 
treated in the same manner as Example 2, whereupon 16^isopropylestradiol is 
obtained as crude crystals. The resulting crude crystals are recrystallized from ethyl 

30 acetate. Melting point 221 to 222«C. 30 

IR cm'': 3400 (OH), 1610, 1590 (Ar). 

NMR St^*"^"": 0.70 (3H. s, IS^^J, 0.83 (3H, d, J=5 Hz, CH,). 

0.98 (3H, d, J=5 Hz, CH,), 3.73 (IH, d, J=9 Hz, 17a-H), 
6.4—7.2 (3H, m, Ar) 

35 Elemental analysis, for Cj^HmOi 

Calcd. C, 80.21: H, 9.62 
Found C, 80.30; H, 9.67 

Example 7 

Underlcc-cooling 0,2 g of phosphorus tribromlde is added in small portions to 
40 a solution of 0.6 g of 16j^ethylestradiol 3-methyl ether in 10 ml of dicbloromethane, ^0 
The resulting mixture is allowed to stand at room temperature for 4 hours. The 
reaction mixture is poured in small portions into ice-water and extracted with 
dichloromethane. Uf)on removal of the solvent by concentration, 16^ 
ethylestradiol is obtained as crude crystals. RecrystalHzation under the same 
45 conditions as in Example 1 yields pure crystals. In meltinf^ point and IR spectrum, 45 
this product is in agreement with the product obtained in Example 1. 

In a similar manner to the above, 16^allylestradiol is obtained from 16^ 
allylestradiol 3-methyl ether. Melting point 204 to 206*C. 

IR pSJ, cm-': 3350 (OH), 3080, 1640 (allyl). 1610, 1595 (Ar), 

50 Elemental analysis, for C„H„Oj 50 

Calcd. C, 80.73; H. 9.03 
Found C, 80.77; H, 9.10 

Example 8 

(1) To a solution of 0,3 g of 1 6^-ethyiestradiol in 2 ml of pyridine is added 0.6 55 
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"^Wf After keeping the resulting mixture at 50»C for 10 

with HilSLi^*" are added to the reaction mixture, followed by extracUon 
rlv^rnuJ '"^•if?* '^y" " washed with watcr. dried over 

anhydrous sodium sulfate and concentrated, whereupon crude crystals arc 
obtained. RccrystallizaUon from methanol gives l6fl-cthyIestradioI 3,17- 
dipropionate as colourless needles melting at 57»C. 

IR 1^2. cm-': 1760 (OCOC,Hs). 1725 (OCOQHs). 

(2) To a solution of 0.2 g of 16/J-ethylcstradiol 3.17-dipropionate in 10 ml of 
methanol arc added 16 mg of anhydrous potassium carbonate. foUowed by stirrinc 
at room temperature for 30 minutes. The reaction mixture is concentrated under 
reduced pressure, and the residue is made acidic with 2N-hydrochloric acid 
whereupon crystals are obtained. The crystals are collected by filtration and 
3e?a/raT 176 to ns-r n-propionatc as colourless 

IR i^icm-': 3350 (OH). 1700 (OCOC,H,). 

Elemental analysis for Ci,Hj,0, 

Calcd C, 77.49; H, 9.05 
Found C, 77.48; H, 9.07 



/iw ... Example 9 

i. ohfiUiltKuT f i"l^""r?^f^'^P'* Ifi^isopropylestradiol 3.17-diacetate 
{S^.ld!.J Voinu 1 15 ?o 1 iS^C^ ^'^""^ anhydride-pyridine. 

IR C'.cm-': 1765 (OCOCH,). 1735 (OCOCH,). 

i. J}} \" ™^"«rto Example 4-(2). 16/J-isopropylcstradiol 3,17-diacetate 

\VS^a!rLX^gt&^^^^ '""^ 16^isopropylestradiol 

IR f^cm-'i 1350 (OH). 1700 (OCOCH,). 

Elemental analysis for Cj,H„Oj 

Calc. C. 77.49; H. 9.05 
Found C, 77J1; H. 9.11 

... _ , . Example 10 

mi i ]• § I6/»^thylestradiol 3-methyl ether 17-aceUte in 10 

Sa L ^ ^ * mtTORcngas stream. After cooling, 30 ml of water arc 

added to the reacUon mixture, and the resulting mixture is ertracted with ethw 
ItLT^Z^^r' « r^". dried over anhydrous sodium sXte and 
concentrated, whereupon pale veHow crude crystals are obtSnei 
Recrys sUlization from ether-hexane (f:I) gives 16/J-ethyl2^tra<Uol H-acetate tS 
spectfu^^^^ product^obtaine^n LamS 4 in melSfg S 

»r„/iiS'^'^ Example 7. 16/J-ethylestradiol 3-methylether 17-acetate is 
treated with phosphorus tribromide to yield 16/J-ethylestradioI 17-acetate: 

Example II 

a „f "1 165-ethyfeslradiol in 10 ml of pyridine is added 0 5 

hoi^"'^fo "ofin' « ''^P* ^ room temperature for 12 

hours 10 ml of ice-water are added to the reaction mixture and tiie nuxture it 
S^** ^'^^her. The ether layer is washed with a 3N-a5Seous sSon of 
potassium <^nate. dried over anhydrous sodium sulfate^d concentrated 
whereupon 1 6/J-ethylestnidiol 3,17-dlphenylpropionatc is obtained. 

IR cm-': 1760. 1735 (OCOCH,CH,— C,H,). 

«f ? -"'"i!? VJl^**^ product obtained in the above experiment (1) in 10 ml 

of methanol is added 0.1 g of potassium carbonate and the mixture is sUrred at 



room temperature for 30 mimites. The reaction mixture is coacentrated, and to the 
resulting residue arc added 10 ml of water, followed by extraction with ether. The 
ether layer is washed with water, dried over anhydrous sodium sulfate and 
concentrated, whereupon a crude oily product is obtained. The product is 
5 subjected to silica gel column chromatography using benzene-ether (3:1) as an 5 
eluent thereof to give l6^ethylestradiol 17-phenylpropionate as a colourless oil. 

IR cm-^: 3400 (OH), 1700 (OCX^CH.CH.CeH,), 1605 (Ar), 

Mass: m/e 432 (M^ M=432 for C^H^O,) 404 (-29), 299 (-133). 

Example 12 

10 (1) In a similar manner to Example 1 HI), 16^cthylestradiol is reacted with lO 

benzoyl chlonde to give crude crystals. Recrystallization from ether gives 165- 
ethylestradiol 3,17-dibcn2oate melting at 177 to HS^C. 

IR i^cm-': 1735, 1720 (OCOCeHs), 

(2) According to a similar manner to Example I K2), 16^-ethylestradiol 3,17- 
15 dibenzoate is hydrolysed with potassium carbonate to give 16fl-cthylestradiol 17- 15 
benzoate melting at 1?4 to 196**C. 

IR pSicm-': 3450 (OH), 1695 (OCOQHb). 

Elemental analysis for CayH^O, 

Calcd. Q 80.16; H. 7.97 
20 Found C, 79.87; H, 7.99 20 

Example 13 

(1) 16-KetoestradioI 3-methylether is reacted with n-butylmagnesium iodide to 
give 16p-hydroxy-16a-n-butyiestradlol: 

IR pJS* cm-': 3500 (OH), 1605, 1590 (Ar). 

25 Acctylation of the compound with acetic anhydride in pyridine gives the 25 

corresponding 17-acetatc: 

IR pSStCm-': 3450 (OH). 1730 (OCOCH3), 1605, 1595 (Ar). 

The 17-acetate is treated with zinc powder in toluene for 4 hours at I30**C to 
give I6^butyle5trone 3-methylethen 

30 IR pJS? cm-^: 1735 (c=o), 1605, 1595 (Ar). 30 

Reduction of 16^-butylestrone 3-mcthyl ether with sodium borohydride in 
methanol gives 16^butylestradiol 3-methylethcn 

IR cm-': 3500 (OH), 1605, 1595 (Ar). 

In a simaar procedure to the above experiment (1), 16B-(3-butenyl)-estradioI 3- 
35 methylethef is produced from 16-ketoestradiol 3-methylether and 3- 35 
butenylmagnesium bromide. 

IR rS«f cm-': 3500 (OH), 1635 (c=c), 1605. 1590 (Ar). 
Mass: m/c 340 (M*), 325 (-15), 322 (-18). 

(2) In a similar manner to Example 2, 16fl-rt.butylestradiol 3-methylether is 

40 reacted with mcthylmagncsium iodide to give 1 6^-/i-butytetradiol melting at 1 48 to 40 
150**C (recrystallization from hexane). 

IR i^^cm-': 3400 (OH). 1605 (Ar). 

Elemental analysis for C^jHajOj 

Calcd, c; ^0.44; H, 9.83 

Found C, 80.40; H. 9.99 45 



10 



15 



30 



In a simUar manner to the above experiment (2). l6fl-r3-butenvlVestrfldiol 
obtained from l6H3-butenyl)c5tradioI 3-methylether: '"'^^^^"^^"^'^ 

Melting point: 154 to 156*'C. 

IR t^cnr\ 3400 (OH), 3050. 1635 (c=c), 1605 (Ar). 

Elemental analysis for Crfl^O^ 

Calcdt C, 80.93; H, 9.26 
Found C, 80.62; H, 9.58 

WHAT WE CLAIM IS:- 

I. A compound of the formula ([): 



.XXX 




(i» 10 

i: ii T 

HO- 



wherein R« is ao alkyi group or an alkcnyl group of two or more carbon atoms and 
R» IS hydrogen or an acyl group (as herein dcfmcd). * 

R 1 ; 1 ''"™P°""'* ^ claimed in Claim 1, wherein the allcyl group represented bv 
R' IS a lower alkyl group having 2 to 4 carbon atoms. preseniea oy 

3. A compound as claimed in Qaim I or 2, wherein R' is hydrogen 15 

4. A compound as claimed in Qaim 1 or 2. wherein K' is an acyl group 
P2 ^ compound as claimed in Qaim 4. wherein the acyl group re^rSed bv 

20 6. 16^ethylcstradiol. 

7. 16/5-ethylestradiol 17-acctate, 

8. 16^isopropylestradiol. 

9. 16^allylestradioL 

!?• }¥^^yJcstradiol I7-propionatc. 
2> II. 16/J-isopropyIestradioI 17-acetate. 

12. I6j8-cth>iestradioI I7-phcnylpropionate. 

13. 16^ethyJcstradiol H^bcnzoatc. 

14. 16^;j-4>utyicstradioL 

15. 16;K3'butenyl)-cstradiol. 
claim^ed t ^^J^^^^f t^l^^^^^l comprising any one of the compounds 30 
SK tlTerlf^ ' ^ ' ""^^ pharmaceuUcaUy acceptable cairicr or 

17. A process for producing a compound of the formula (I) 
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(I) 



35 



35 
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1,570,597 
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wherein has the same raeamng as defined above, R*' is hydrogen or an acyl 
f^oxxp (as herein defined and R' is a hydrocarbon radical or an acyl group (as herein 
defined), to cleavage of the acyj group or hydrocarbon radical of the etherified or 
5 cst'^rificd hydroxyl group in the 3-position thereof. 5 

18. A process as claimed in Claim 17, wherein R' is an acyl group. 

19. A process as claimed in Claim 17, wherein R' is a hydrocarbon radical. 

20. A process as claimed in Claim 19, wherein the hydrocarbon radical 
represented by R* is lower alkyl having 1 to 3 carbon atoms, phenyl, p-nitrophenyl, 

10 benzyl or bcnzhydryL 10 

21. A process as claimed in Claim 18, wherein the acyl group represented by 
R' is lower alkylcarbonyl whose alkyl moiety is alkyl having 1 to 3 carbon atoms, or 
arylcarbonyl. 

22. A process for producing a compound (I) as defined in Claim 1 , substantially 

15 as herein described with reference to any of the specific examples. 15 

23. Compound (I) as defined in Claim 1 when produced by a process as 
claimed in any of Claims 17 to 22. 

24. A pharmaceutical composition comprising at least one compound (I) as 
claimed in Claim 23, together with a pharmaceutically acceptable cai rier or diluent 

20 therefor. 
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